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Increased productivity of dairy cattle depends in part upon 
··genetic changes brought about by select ion. Because of the 1 ong 
generation interval and low reproductive rate, genetic improvement 
in dairy cattle is slow. For this reason, the accuracy and effective-
ness of selection of sires is of utmost importance. 
Selection of sires plays a major role in the genetic improve-
ment of dairy cattle since a sire can leave many more descendents than 
a female. Consequently, the use of outstanding males is important in 
the genetic advancement of the dairy cattle population in the upper 
midwest as well as throughout the world. This effect on genetic 
improvement in dairy h·erds needs constant review to promote progress 
in dairy cattle breeding. 
It is important that sires in artificial insemination be of 
genetic value superior to the population average. This is imperative 
when it is realized that through artificial insemination, a sire can 
be mated to many more cows than he could be naturally and over a much 
greater area. However, because fewer sires are needed, the mean 
breeding value of those sires can be higher than the mean breeding 
value of the larger group, providing an accurate method of evaluating 
these sires is exercised. Consideration of DHIA Sire Summary Lists 
indicates that these sires are being identified and that effective 
means of improving genetic merit may be available. 
A sire's value for dairy purposes is dependent on the quality of 
daughters he leaves. The measure of this is governed almost entirely 
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by the production records of his daughters, ·which gives information as 
to their phenotypic value. The phenotype of a daughter can be divided 
··into genotypic and environmental contributions. The corresponding 
partition of the variance into genotypic and environme~tal components 
makes up the problem of heredity versus environment in determining, the 
worth of an individual. These -environmental factors, which weigh 
heavily o~ the daughters' producing ability, change from herd to herd. 
Any change which might take place in feeding and management or differ-
ences in season of freshening may effect the producing potential of a 
sire's daughters. In view of these facts, simple comparison of · 
.production levels of various sires' daughters would leave much to be 
desired, especially if one considers the bias that may also be intro-
duced by selection of records or animals for comparison. 
Until recently, the daughter-dam comparison technique played 
an integral part in sire evaluation procedures. However, within the 
past seven years attention in sire appraisal has shifted to the use 
of the milk yield of the herdmates of sires' daughters. 
Two main objectives were believed to be accomplished by using 
the daughter-dam comparison in the estimation of the sire's breeding 
value. First, the dam's yield served to correct for any tendencies 
to use sires on cow groups differing in average genetic merit. 
Secondly, the dam's production was believed to correct for environ-
mental circumstances. The dam's production only partially achieved 
the latter objective. Since, on the average, the productive spans 
of dams and daughters overlap only partially, year to year trends 
3 
in environmental levels are not wholly removed. The use of the 
daughter-dam pairs was not restricted to records made in the sam& herd, 
which ·presented even further complications. 
As the use of artificial insemination (AI) increased, the 
need for more accurate e.valuation .- became apparent. Consequently, the . ;-
concept of the co~temporary herdmate compariso~ was brought forward 
and has increased in popularity. This procedure helps eliminate 
environmental difficulties· that have presented problems in other 
methods of evaluation. With such a procedure, first lactation records 
. of daughters of a sire are compared to other first lactation records. 
Both groups are adjusted to a 305-day length and mature equivalent 
basis and are initiated within the same herd-year-season. Comparisons 
of second and later records are also made under the same procedure. 
When first lactations are compared with those· of their herdmates, 
bias is kept to a minimum, since neither group has .been subjected to 
culling practices. In_ most cases they have also been contemporaries 
since calfhood and have received the same treatment as calves, year-
lings and bred heifers. The production differences of these groups 
would be as free from environmental influences as it is possible to 
make them. 
This study was initiated tb evaluate the advantages offered 
through artificial insemination, in Holstein-Friesian cattle located 
within the three-state area of North Dakota, South Dakota and Nebraska 
within the years of 1958-1~64 through the use of herdmate comparison~. 
I • I 
The main objectives of this study were as follows: 
1) To measure the genetic superiority of artificially-
sired cattle in comparison to their· naturally-
sired herdmates in terms of milk yield and fat 
production per lactation. 
2) To obtain a ranking of sires used within this 
three-state area in terms of daughter milk yield 
difference from herdmates. 
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LITERATURE REVIEW 
The goal of dairy cattle bieeders is to constantly strive for 
genetic improvement of the dairy cattle population. This improvement 
requires rigid selection ~f genetically superior animals and their 
extended use in the population. Since males are capable of producing 
more progeny than females, improvement depends largely on the use 
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of genetically superior sires. With the increased use of AI, estimates 
of genetic change brought about through its application t are needed. 
This literature review is limited to: 
1) Results of previous studies where natural and 
artificiaily-sired progeny have been compared. 
2) Examination of various sire evaluation methods. 
3) Examination of current methods of sire ranking. 
4) Evaluation of variation due to seasonal effects, 
age differences, and other environmental condi-
tions that must be adjusted for or eliminated 
in making a comparison between sires. 
Previous Studies: 
Corley and co-workets (1963) in Wisconsin noted that AI progeny 
were significantly superior to their non-AI herdmates when compared on 
an intra-herd-season basis. Their study, utilizing 84,691 Holstein 
records, indicated AI progeny were superior by approximately 13 lb fat 
and 270 lb milk. The study of 20,742 Guernsey records showed an 
advantage of 5 lb fat and 22 lb milk in favor of the AI progeny; how-
ever, these differences were not significant. There was evidence that 
more Qmphasis was placed on fat test and -possibly fat yield than on 
milk yield in the selection of AI sires for both breeds. 
In a study of New York Holstein herds Vanvleck and Henderson 
(1961) compared first lactation records on a within herd-year-season 
basis. Over a period of almost 10 years artificially-sired progeny 
were superior to tneir naturally-sired herdmates each year in both 
milk and fat production. It was noted that more emphasis was placed 
on selection of sires according t6 fat production of progeny than 
milk production. 
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Wadell and McGilliard (1959) conducted a study of the influence 
of artificial breeding on .production in Michigan dairy herds. In 
comparison of artificially-sired progeny with their naturally-sired .. 
herdmates it was found that the differences, artificially-sired minus 
naturally-sired, tended to increase slightly but not significantly in 
their first lactation as the average fat production of older contem-
porary cows increased in the Holstein and Guernsey breeds. The Jersey 
breed tended to show a slight decrease through use of AI. 
Hahn, et tl• (1958) noted a significantly higher fat percentage 
with artificially-sired Holsteins compared to naturally~sired herd-
mates in Georgia. Their study utilized 715 records of the Holstein, 
Guernsey, and Jersey breeds based on· a within breed-herd-year-season 
basis. However, it was noted that the naturally-used sires in this 
study probably were superior to the average sire used naturally be-
cause their owners were interested enough to be on official test. 
It was assumed that the genetic composition of the dams was the same. 
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.. Tucker (1957), using 167 comparisons involving . 270 artificially-
sired first lactation records and their naturally-sired herdmates in 
North ·Carolina, found that the artificially-sired daughters in the 
Holstein breed produced significantly more fat (17.8 lb) than their 
naturally-sired herdmate s. No other breed differences were found to 
be significant. ·in a combined analysis of all breeds, Tucker revealed 
significant differences of 15.7 lb of fat and 366 lb of milk, in favor 
of the artificially-sired ~rogeny. 
Robertson and Rendel (1954), comparing 1,423 daughters from 
artificial insemination with 1,729 naturally-sired herdm~tes in 
Great Britain concluded that the milk production of artificially-
sired daughters differed little from naturally-sired daughters. 
There was, however, a significant increase of fat production favoring 
the artificially-sired progeny. 
Sire Evaluation Methods 
The herdmate comparison was an important step in the evaluation 
of artificially-used sires from their daughters' records. Henderson, 
Carter, and Godfrey (1954) introduced the basic element of the 
procedure which involves the regression of the daughter records on the 
herdmate averages. 
The herdmate comparison, which eliminates many of the problems 
imposed by environmental differences which plagued the other methods 
of evaluation, has become the most popular method of sire evaluation 
during recent years. This study will be mainly concerned with the 
herdmate comparison although basic ramifications of the daughter-dam 
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comparison method should be kept in mind. 
The .general procedure for theherdmate comparison was summarized 
by Searle (1964). After deciding on a suitable estimate of the true 
herd level, estimated as ·m, the regression coefficient is computed 
from the formula: 
(Eq. 1) b = cov (x, m) 
var (m) 
where! is the average recorded production of daughters in the same 
-
herd. Using the breed aveiage B, the sire's true daughter level is 
estimated by y as follows: 
(Eq. 2) y = X - b (i - B) 
where! and mare means of Kand mover all herds in which the bull 
has daughters. The sire's genetic merit is then estimated as: 
(Eq. 3) g = B +J3 (y - B) 
where~ is effectively the regression of g (the additive genetic 
merit of the sire) on y (the sire's true daughter level). In the 
simplest situation of n daughters with one record each .fl is computed 
from the equation: 
(Eq. 4) .P · = 2n (h2 ) 
4 + ( n - 1 ) ( h2 ) 
where h2 is the heritability in the narrow sense. 
Herdmate comparisons, used basically as progeny tests in New 
· Zealand, Great Britain and in the United States, utilize these 
expressions with small differences in each country. 
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In New Zealand no adjustment is made for lactation length 
under 305 days although records beyond this length are not included. 
·Records made by cows beyond ten years -of age are excluded. Any records 
less than 100 days in length as well as any abnormal records less than 
200 days declared so by the owner, were not used. Cows five to nine 
years inclusive ar~ considered mature and those aged ·two, three and· 
four are brought up to the mature level by using the simplified herd-
level age-correction factor as outlined by Searle (1960). Under this 
procedure a proportional age-corrected herd average is -added to . the 
young cow's record, the proportion being dependent on the young cow• s 
age. 
In New Zealand the operational procedure for estimating the 
true daughter level is to use Equation 4 each year. When two or more 
years are involved these are averaged. Searle (1964) however, showed 
that this will bias the estimates upward of sires with lower genetic 
merit • . This bias could be eliminated by using first lactation records 
only. 
In Great Britain official sire proofs are based on 305-day 
lactation records, with some unofficial proofs prepared on 180-day 
lactations. All proofs are based on first lactations only with 
daughters of a sire being compared to other first lactations in the 
same herds within the same year. The number of suitable records is 
reduced considerably. However, the necessity for age correction is 
eliminated. Another advantage found is that the daughter average 
is not biased by culling. No regression analysis is used for 
eliminating herd effetts from the daughter average, therefore: 
_(Eq. 5) y = X -· m + B 
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The use of only first lactation records, as well as first-
lactation herdmates, has been defended by a number of workers; 
Johansson (1961), flobertson, et!!.• {1956) and McArthur (1954). How- . 
ever, Fairchild, il ll• (1966) found a lack of information on first-
lactation herdmates and presumed that the additional information 
provided by the use of all herdmate information would outweigh any 
possible errors resulting fr~m use of age-correction factors or ftom 
selection biases. 
Based on their data, Allaire and Gaunt (1965) estimated the 
selection bias resulting from use of all-lactation herdmates instead 
of first-lactation herdmates to be -233 lb of milk. These workers 
concluded, however, that as long as the proportion of first-lactation 
daughters is not very different from one sire to another, ranking of 
the sires would not be greatly affected by such a bias. 
In the United States . there are many modifications of the herd-
mate comparison in use. The records are commonly subjected to adjust-
ment factors for age, length of lactation, and frequency of milking. 
Correction for lactation length appears to be open to criticism 
on two counts, as noted by Searle (1964). The first count is the 
possible relationship between production level and the cause of the 
short lactation, and the other is the method of calculating the 
factors used. Vanvleck, il ll• (1961b) presented the following 
procedure for estimating a sire's breeding value through the use ~f 
the herdmate comparison: 
(Eq. 6) E BV = u + m : 12 [a - b ( X - u ) - u] 
where m = number of daughters of a sire, 
u = breed average of preceding 5 years, 
d = the mean ~f the average of the records of each daughter, 
b = the intra-sire regression of d~ughter records on adjusted 
herdmate averages, which have been estimated to be 0.9 
by Henderson (1957), and 
X = the mean of the adjusted herdmate averages associat€d · 
with the daughters records. 
The adjusted herdmate average is computed as: 
(Eq. 7) 
Herd season total - cow's record+ breed-season-averaoe 
n 
where n is the number of cows in the herd season. 
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This average appears biased because it would include half sibs 
as herdmates. However, this procedure is in agreement with the method 
of the USDA, (1966) used for the computation of their DHIA Sire 
Summary List. 
A large number of investigators; Heidhues, et tl• (1960), 
Touchberry, et ll• (1960), Wadell_, et ll• ( 1960) and others, have ex-
pressed dairy records as deviations from some function of contemporary 
averages. Because of the computational difficulties of analyzing 
large numbers of records according to complex models these deviations 
are analyzed according to simpler models. In a study of the analysis 
of these deviations, VanVleck, et ll• (1961a) compared the effects of 
four sets of deviations based on New -York data consisting of milk and 
fat records of 59,902 cows sired by 353 Holstein bulls used in AI. 
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The fo~r sets of deviations considered in their study were the 
deviations from regressed adjusted stablemate averages, adjusted 
stablemate averages, stablemate averages and herd averages. The 
regressed adjustea stablemate average and the adjusted stablemate 
average were the same as those proposed by Henderson, et tl• (1954). 
The stablemate average was . computed as the average of all records made 
in a herd-year-season, excluding the record of the cow. The first 
three procedures gave unbiased rankings of sire eff~cts. The fourth 
was biased by a factor which depends on the number of stablemates. 
In the class of the unbiased sire ranking procedures, the smallest 
variance was given by the deviations from regressed adjusted stable-
mate averages. Thus, it was apparent that this procedure was the 
best of the four considered. 
where: 
The original model was expressed as: 
(Eq. 8) Y •. k = u + h- + s · + e .. k lJ l J lJ 
y •. k lJ 
is 
h. -1 is 
S • -J is 
is the record of the kth daughter of the jth sire in the 
i th herd-year-season, 
the fixed underlying . population mean (5-year-breed-season 
average), 
the effect due to the ·th 1- herd-year-season 
the effect due to the ·th J- sire, and 




The hi~ sj, a~d eijk were assumed tc be independent and to have zero 
means and variances 2,' 2 and 2, respectively, 
0 h CJs <re 
The regressed adjusted stablemate average t~en was expressed 
in terms of the or~ginal model as: 
where: 
(Eq. 9) djk = Yi·k - b(njk SA~ u) 
J njk + 
njk is the number of stablemates associated with the kth 
cbservation within the j th sire group 
SA is the stablemate average 
bis the regression coefficient 0.85 as computed by Henderson 
(1959). 
Fairchild, et af. (1966) agreed that the use of the regressed 
adjusted h~rdmate averages is the best method of adjusting daughter 
records for herd-year-season effects and, although the advantage is 
not substantial, it would seem to be the type of sire proof that is 
theoretically the most correct. 
Current methods of sire rankina 
~ush (1963), along with a number of authors, has shown that 
the selection index procedure maximizes the probability of :orrect 
ranking for bre~ding value. Although it is a method which is 
theoretically simple, its application sometimes involves cumbersoffie 
algebraic expressions, in which case it becomes impractical to use. 
Hazel (1943) set down the basis for the selection index. In 
such an index, a numerical score corresponds to the genetic value of 
13 
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the sire. It's value lies in its characteristic of allowing 
exceptional! y high qua! i ties in one trait to compensate for 
·exceptionally low qualities in another. 
Other methods were chosen to include evaluation by averages 
of records, by averages of deviations from various contemporary 
averages, and by pe_rcentage of daughter records exceeding various 
contemporary averages. These were presented by Vanvleck, tl !!.• 
(196lb} for both fat and milk production. 
Environmental factors affecting records 
14 
In using available production records as a measure of genetic 
differences, adjustment must be made for environmental circumstances 
that affect the production of a cow during a given lactation. In 
agreement with Tucker (1957} the term "environmental" has reference to 
factors of non-genetic origin which may affect the milk and fat pro-
duction of the animal. Tucker also noted that such elements as time 
of calving, climate, age at calving, nutrition, calving interval 
and management have all been shown to affect production. 
?lum (1935) presented the following approximation of genetic 
and environmental differences which may cause variation in production 
records. Plum also includes the ·interaction of these factors and 
their degree of variation. 
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Causes of Variation 
Breed 
% of Variation 
Between cows (genetic) 
Genetic or environmental between herds 
Feeding between herds 
Between years within herds 









Thompson, et al. (1961) however, attributed even a greater 
variation to environmental causes. Their study utiliz~d records of 
half sibs in two different herds, the first containing 4408 records and 
the second containing 1389 records. They found, when expressed as a 
fraction of the entire herd component, only 11% of the variance due 
to differences in milk yield could be attributed to heredity. 
Season of freshening is a variable that has been studied by 
many investigators. McDowell (1922) was among the first to study 
the effect of seasonal freshening. In his investigation of 10,870 
DHIA records from 64 associations throughout the United States he 
found a difference in production ranking based on calving month from 
location to location. The genera-I trend, however, was in favor of 
fall freshening for both milk and fat production. Th~ fall-freshening 
cows, on the average, also produced more income over feed costs 
according to McDowell. These results are in agreement with later 
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studies conducted by Tucker and Legates (1965), Hofmeyr . {1955), Frick, 
till• (19~7), Cannon (1933-), and a large number of others. 
The only contradiction to this generally accepted advantage of 
fall freshenin~ was presented by Gooch (1935) in her study of 579 
lactation records of 99 Jersey cows in the same herd. In this par-
ticular case production reached its peak in the month of April and 
dipped to the lowest point in the month of August, thus giving an 
advantage to spring calving over fall calving. However, this 
deviation can probably be explained by environmental conditions 
because of the fact that all records were made within the same herd 
and consisted of a relatively small number of records. 
In an attempt to keep variance of records at a minimum, many 
workers have proposed a seasonal division according to freshening date. 
Corley, tl ll• (1963) and Vanvleck and Henderson (1961) determined 
their s~asonal divisions by grouping contiguous months which have 
similar average production. Tucker and Legates {1965) demonstrated 
the desirability of having a seven-morith fall and winter season 
{October through April) and a five-month summer season (May through 
September). They displayed evidence for the superiority of this 
seven-five month break over other six month groupings and othei com-
binations. 
Another system of grouping seasonal production is on a moving 
average. The two most popular types are the seven-month running 
season proposed by Gaunt and Legates (1958), with the daughters 
of a sire being evaluated in the fourth or center month, and the 
: . . 
·11 . 
five month running season. This latter procedure, devised by Miller 
(1962), is currently used by USDA in their herdmate comparison. 
The economic value of a cow can be affected greatly by the 
length of interval between calvings because the milk yields both in 
the current lactation and the lactation that follows are usually 
influenced. It is desirable for a cow to milk 305 days, be dry for ·60 
days and· freshen again at the same time as the year previous. This 
is considered the ideal situation, for the average cow has sufficient 
time to restore her own condition in preparation for another lactation 
and nourish the fetus properly. Unfortunately there are many factors 
that prohibit this ideal situation from becoming a reality. Buch, 
!! !!• (1959) cited a number of examples for this elongation of 
calving intervals. In their study of 395 calvings of Holst~in-
Friesian cattle they noted a much greater loss of time was attributed 
to one or more of the following conditions: (a) post-partum anestrus; 
(b) interruption of the estrual cycle; (c) out of breeding condition; 
(d) infertil~ service, and {e) loss of pregnancy. 
Tyler and Hyatt {1950) found that cows with a 10 to 11 month 
calving interval produced significantly less milk than those with a 
12 to 13 month interval. Production of cows on an interval longer 
than this 13 month cycle was not significantly increased. 
It is generally accepted that as a heifer's age increases 
before her first freshening, so does her milk production in her first 
lactation. This is more than likely due to the fact that the older 
ani~als are larger and have a greater capacity and also need less 
energy for growth and maintenance. A significant correlation was 
.. observed by Davis (1953) between production during first lactation 
and age at first calving. However, the age at which a cow freshens 
for her first time varies greatly depending on the feeding and 
managemen t practice of the individual herd. Searle (1962) in a study 
of 48,868 records made in the year 1958-1959 showed that the average 
production of a 2-year-old is approximately 80% that of mature cow 
production. 
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Lush and Shrode (1950) compared the effect of 5,374 cows milked 
twice daily and 5,627 cows milked three times daily. It was concluded 
that frequency of mil~ing affects the total production of a cow to 
such an extent that they presented a list of correction factors to 
adjust for it. 
Smith (1959) noted that the degree of the effect of the Jength of 
interval between milking_s on production will be largely influenced by 
the individual characteristics of the cow such as udder capacity, 
stage of lactation, and the amount of milk being produced. On the 
average it was noted that at two years of age a heifer will produce 
20% more if she is milked three times per day rather than just twice 
daily, at three years she will produce 17% more and at four years and 
over a cow will produce 15% more milk if she is milked three times · 
daily. Similarly, at two years of age a cow will produce 35% more 
milk if she is milked four times a day, 3 years she will produce 
approximately 30% more and at four years and over approximately 26% 
more milk if she is milked four times daily -rather than two times. 
Cows milked once only produced about . half as much as when milked 
.twice daily. Smith explained this increased production on the basis 
of pressures. 
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Peterson and Rigor (1932) have shown that air introduced into 
the udder and maintained at a pressure of 25mm of Hg practically 
inhibits the production of milk. Likewise, Ludwin (1942) noted that 
as milk accumulates in the cells and lumina of the alveoli, pressures 
build up to a point where milk secretion is inhibited. The increased 
production from high-producing cows by four-times-a-day milking as 
compared to the twice-daily milking is attributed to the fact that, 
by releasing the pressure more often, secretion continues for a 
greater proportion of the time. 
The climatic conditions under which a cow produces tends to 
affect both fat and milk production. Houston and Hale (1942) noted 
that cows will usually test from 15 to 20 percent lower in summer 
than winter. This however will not be the case of cows with fall 
freshening whose test will be maintained in the summer and possibly 
increased because of the greater influence of advancing lactation. 
This is in agreement with Bartlett (1935) and Becker . and Arnold (1935) 
who conducted similar studies. 
Management practices and the plane of nutrition have been shown 
to ir.fluence records greatly. However, through the use of the herd-
mate comparison tho importance of this factor will be reduced 
considerably because animals will have been exposed t6 similar con-
ditions since calfhood, and in most herds the daughters of sires 
and their herdrnates are fed the same ration and usually at the same 




The Dairy Herd Improvement Association Processing Center in 
Ames, Iowa furnished all ~vailable records made by Holstein-Friesian 
cows from the three upper midwest states of North Dakota, South Dakota 
and Nebraska, upon consent from the respective Dairy Extension Offices. 
All Holstein records initia_ted between January, 1958 and January, 1965 
were obtained. DHIA records of cows other than Holsteins were not 
used due to the relatively small number of other major dairy breeds 
located in this three-state area. Records of less than 90 days, those 
subject to abnormal environmental conditions, records made in insti-
tutional herds where research was conducted, and those found to be 
invalid were excluded from the study. The records were obtained on 
Hollerith cards, punched in 1095 format, shown in the Appendix on 
Table 11. Records 90-304 days in length were extended to 305 days 
by DHIA correction factors. Similarly, the adjustment to a mature 
equivalent basis utilized the DHIA standardization factors proposed 
by Kendrick (1953). Of the 92,000 obtained, 17,146 were usable and 





Method of Analysis 
The primary objective of this study was to investigat~ ; the 
impact of artificial insemination {AI) on production. This was 
accomplished by comparison of AI progeny and their naturally-sired 
herdmates. 
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The second objective of this study was to compare each sire-
~. daughter group with.its herdmates individually. The latter step 
~-
r• 
provided a sire rank based on difference frcm herdmates in milk 
production. This was conducted to provide interested personnel in this 
area with information on AI sires which had superior producing ability 
under environmental circumstances unique to this three-state area. 
Such information prior to this time has not been available. In 
essence, this study attempts to answer the question, "Has the dairy-
man in the upper midwest been provided with genetically superior 
sires through AI, on a production basis, than would have been other-
wise possible through natural means?" 
Those sires in Al with daughters in this three-state area 
were obtained from DHIA Sire Summary Lists from 1958 to 1965, the 
years under observation in this study. These sires were obtained by 
selecting the code numbers 45, 46, and 47; which are the DHIA state 
codes for North Dakota, South Dakota and Nebraska, respectively. The 
daughters of each bull were obtained by matching the sire's number 
with the sire number of the daughters. From the listing of each herd 
in which the bull had daughters the naturally-sired herdmates were 
obtained. 
Season of freshening, based on previous work done by Tucker 
and Leg.ates (1965), was divided into a seven-month fall and winter 
season (October throu~h April) and a five month summer season (May 
through- Sept ember). Beginning with 1958, seasons were numbered 
consecutively through 1964. 
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The herdmate comparison .procedure as described by Robertson 
and Rendel (1954), - and later by Tucker, et ll• (1957) was used. The 
procedure that evaluates the progeny most accurately is the first 
lactation herdmate comparison. 
The first available record of an individual was assumed to be 
her first lactation, provided it was initiated befor·e the animal 
was 36 months of age. If the animal was over 36 months of age it was 
assumed that her first lactation record was not available and that 
no comparison could be made. 
In order to use all available herdmate comparisons, a weighting 
factor was applied to correct for the differences in numbers of 
artificially and naturally-sired progeny in each herd. The factor 
((Aili)) was used on the differences between the average yield of the A+N 
artificially sired progeny and the naturally sired progeny. Where 
A is the number of AI daughter records and N is the number of natural 
herdmate records in the comparison. By applying this weighting factor, 
each comparison was weighted according to the amount of infor~ation it 
provided. The variance of each group is inversely related to the 
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number of records on which it is based. Significance of the weighted 
differe~ces was studied for milk and fat production, and tested by the 
standard "tn test. 
In preparing the sire summary Hst, information on 179 Holstein 
sires was utilized. A sire summary was compiled for a sire when he 
had five or more daughter reco~ds reported within the three-state area 
during the period under study. For the individual state sire rank a 
sire needed ten daughters to be listed. The main reason for this was 
that each state rank was merely a source of information while the 
three-state sire rank was primarly concerned with sire ranking 
procedures. 
It should be noted here that daughter records were analyzed in 
order of appearance. It should also be pointed out that this study 
was concerned with the number of daughter records, not the number of 
daughters. 
Sire summaries were computed by the regressed adjusted stable-
mate average as outlined by Vanvleck, il Al• (1961). In their study it 
was hypothesized that among unbiased estimators the best procedure 
would be the one that had the smallest sampling variance. The chosen 
procedure had the least variance of the four studied, therefore it 
was selected to obtain the deviation from herdmate summaries in this 
study. Many investigators have expressed dairy records as deviations 
from herdmate averages; Heidhues, et il• (1960); Touchberry, tl !l· 
(1960); and Wadell, et al. (1960). Such a method becomes necessary 
when l~r~e record numbers make comput~tion of complex m9dels 
9ifficult. Sires were ranked accordi~g to deviation of daughter milk 
production from herdmate$~ 
The regression coefficient of 0.9 was used in correspondence 
with the DHIA Sire Summary List publication (1966). 
Sire summa ry information was obtained by two quantitative 
procedures. First sire ranks were conducted· on the r.,ean of 
deviations of first lactation regressed adjusted records compared 
to similar herdmate records_ and second and later regressed adjust~d 
~ecords compared to their herdmates. Such data will be referred 
to as the non-pooled data hereafter. The second .sire ranking was 
conducted on the mean deviations of all daughter records from 
regressed adjusted herdmate averages similar to the procedure used 
by the USDA in their Dairy Sire Summaries. This will be referred to 
as the pooled data hereafter. 
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Sire ranks of AI sires with ten or more daughters were first 
obtained for the individual states on a non-pooled basis. The same 
basis, only with five or more daughters, enabled a similar sire rank · 
to ·be obtained for the entire three-state area as a whole. Lastly, 
the data was pooled and a sire rank ·of 179 bulls containing five daugh-
ters or more was obtained and compared with the ranking obt~ined on 
a non-pooled basis. 
Regional breed-season averages, which were used in computing 
these sire summary listings, were obtained through the cooperation 
of the USDA Research Service, Beltsville, Maryland. 
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Holstein sires were grouped into six categories based on their 
deviations in milk production from their herdmates. Their corres~ 
ponding groups for fat production were also listed. The six groups 
are listed as follows: 
GROUP MILK (lb) FAT (lb) 
I +1500 and above +60 and above 
II +lC00 ·to +1499 +30 to 59 
III +500 to 999 +15 to 29 
IV 0 to 499 0 to 14 
V -500 . to -1 -15 to -1 
VI below -500 below -15 
The use of an electronic computer contributed greatly to the 
speed and accuracy of this study. 
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RESULTS AND DISCUSSION 
I. Comparison of AI and naturally-sired herdmates 
In order for the herdmate comparlson to provide accurate 
estimates of the differenc.es between AI and natural progeny, certain 
assumptions need to be fulfilled. It is assumed that the dams of t ne 
AI and natural progeny are of equal merit, or are randomly chosen !o 
be mated artificially or naturally. Beal and Madden (1959) found 
no discrimination among dams for mating to AI or natural sires. In 
this study it was also reported that many cows were mated in consec-
utive years by both methods. Tucker, tl &• (1960) reported no 
significant difference between AI and naturally-serviced cows, al-
though production was higher for cows mated by natural service than 
for cows mated to AI sires. 
Another necessary assumption is that the natural-service sires 
are a random sample of all natural-service sires. Should they actually 
be below the average, then the AI superiority is actually lP.ss than 
the estimate would indicate. Conversely, if the natural sires in these 
herds are above the average of all natural sires, then the herdmate 
comparison tends to bias downward the estimate of the AI progeny and 
the difference is actually greater than the difference observed. 
Another assumption required is that the DHIA herds are a random 
sample of all herds in this three-state area. This is unlikely for 





money to have their cows on official test. Thus it is p·robable that 
only the better dairy herds are represented • . However there is no 
direct proof on the validity of such an assertion, especially on 
thfs data .• 
'·"' A. First lactation records with herdmates .· .... ,. 
The observed superiority of first-lactation AI Holstein 
progeny over their naturally-sired first-lactation herdmates is 
presented on the first line of Tables 1 and 2 for milk and fat 
respectively. The overall results contained 752 comparisons involving 
2145 AI daughter records against 3577 natural herdmate records. No . 
significance was found in milk production differences though the 
AI daughter records ~xceeded the naturally-sired daughter records 
by 91 lb. Fat differences were highly significant. First lactation 
records of AI progeny were 9 lb higher than their naturally-sired 
herdmates. Thus it was apparent that more selection empha~is was 
placed on fat production of AI progeny than milk production, especially 
on first-record progeny. 
A closer look at the same data by states reveals several 
interesting points as shown in Tables 3 and 4. The AI progeny 
exceeded their herdmates in all but one of the comparisons. In this 
exception, Nebraska naturally-sired progeny exceeded the AI daughters 
by 48 lbs of milk. This, however, was not found to be significant 
and was considerably less than the AI progeny milk increases of 
TABLE 1 . 
Milk production differences between artificially and naturally 
sired herdmates 
Type of record No. of No. Al ·.. No. Nat. Diffei:ences1 
comparisons progeny progeny (lb) 
All states poo~ed 
1st records 752 2145 3,577 92 
All states pooled 
2nd and later records 1197 4136 13,569 164** 
All records, all 







1Positive differences are in favor of artificially sired prog~ny and negative differences are 
in favor of the naturally sired progeny. 
* Significant at 5% level of confidence. 
** Significant at 1% level of confidence. 
I\) '° l 
• 
TABLE 2 
Fat production differences between artificially and naturally 
sired herdmates 
Type of record No. of No. AI ·.  . No. 'Nat. Differences1 
comparisons progeny progeny , (lb) 
All states po~led 
1st records 752 2145 3,577 9** 
All states pooled 
2nd and later records 1197 4136 13,569 13** 
All records 







lpositive differences are in favor of artificially sired progeny and negative differences are 





Milk production differences by states between artificially and naturally_ 
sired first lactation herdmates 
No. of No. AI · .. No. Nat. Differences1 




North Dakota 196 495 82,1 134 178 
Sou th Dakota 226 589 993 312* 149 
Nebraska 330 1,061 1,763 -48 128 
!Positive differences are in favor of artificially sired progeny and negative differences are 




Fat production differences by states between artificially and naturally 
sired first lactation herdmates 
No. of No. AI No. nat. Differences1 




North Dakota 196 495 821 12 6 
South Dakota 226 589 993 9 5 
Nebraska 330 1,061 1,763 7 4 
1Positive differences are in favor of artificially sired progeny and negative differences are 




134 1 b for North Dakota and 312 lb for South Da,kota. . This South 
Dakota milk production of first-record AI daughters was significant. 
No other differences were significant. 
B. Later records with herdmates 
The results of the contemporary comparisons of records, other 
·· than those of first lactation origin, are summarized in line 2 on 
Tables 1 and 2 for milk and fat respectively. A total ·of 1197 
comparisons were computed involving 4136 AI daughter records against 
13,569 natural records. It was apparent that with maturity the gap 
widens between artificial and naturally sired progeny. Evidently, the 
cattle in this area resulting from artificial insemination are 
genetically superior·· to ~heir naturally-sired conteµiporaries in both 
milk production and fat production. This is shown by the increase 
in production of AI progeny of 164 lb of milk and 13 lb of fat 
per lactation over that of their naturally-sired herdmates. These 
differences were found to be highly significant. 
Breaking this analysis down by states provided even more in-
formation, as shown in Tables 5 and 6. All three states had highly 
significant fat differences in favor of the AI daughters. Milk 
production in North Dakota was highly significant, with AI having a 
240 lb advantage. Significance was found in milk production in 
South Dakota with AI progeny exceeding their herdmates by 24 lb 
of milk. No significance was found in Nebraska herds for milk produc-
tion, though AI had a 90 lb advantage over their contemporaries. 
TABLE 5 
Milk production differences by states between artificially and naturally 
sired second and later lactation herdmates 
State No. of No. Al No. nat. Differences1 Standard 
herds progeny '··progeny error of 
differences 
North Dakota 362 1,050 4,025 240** 86 
South Dakota 311 811 3,761 241* 111 
Nebraska 524 2,275 5,783 90 ·79 
1Positive differences are in favor of artificially sired progeny and negative differences are 
in favor of the naturally sired progeny. 
(.J 
TABLE 6 
Fat production idfferences by states between artificially and naturally 
sired contemporary second and later lactation herdmates 
State No. of No. AI No. nat. Differences1 Standard 
herds progeny __ progeny error of 
differences 
North Dakota 362 1,050 4,025 18** 3 
South Dakota 311 811 3,761 15** 4 
Nebraska 524 2,275 5,783 9** 
1Positive differences are in favor of artificially sired progeny and. negative differences are 




C. All records pooled with herdmates 
~y pooling al 1 records 1949 contemp·qrary c·omparisons were con-
ducted on 6281 AI daughter records against 17,146 naturally-sired 
h~rdmates. Line 3 in Table 1 and 2 shows the results. AI progeny ex-
celled their naturally sired herdmates in° both milk production and 
fat production by highly significant margins. ~nth the AI progen>f_ 
having a 143 lb advantage in milk production and a 12 lb fat 
superiority the previous statement of th.e g-enetic exc-ellence of AI 
progeny over their naturally~sired herdmates is further supported. 
With the greater increase in fat production in comparison to milk 
production there was general evidence that more emphasis was placed 
on fat yield than o.~ milk yield in the selection of AI sires in all 
three states. 
The superiority of AI Holstein progeny represented in this 
study is in general agreement wi.th previous studies by Corley, et tl• 
(1963), VanVleck, et tl• (1961), Tucker, tl tl• (1960), -and Wadell and 
McGilliard (1959). 
·II. Sire rank 
One purpose of this study was to evaluate the transmitting 
ability of AI sires for milk an? fat production. Al though production 
is of primary importance, other factors such as type scores, ease of 
milking, disposition of the animal, to name a few, should be taken into 
consideration in a selection program. The problem of evaluating dairy 
sires becomes complicated by the use of AI sires over a wide range of 
environmental conditions. In evaluating a sire's transmitting ability 
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the opportunity that the sire's daughters had to produce · should be 
accounted for. By conducting this study _on a herd-year-season basis~.-
these influences should be held to a minimum. Any other influence of 
environmental conditions was considered .random, as was the producing 
ability of the dams of the daughters under observation. 
By grouping the sires with ten or more daughters by states .a · 
sire ranking unique for each state was obtained. These listings are 
shown in Tables 7, a, and 9, of the Appendix for North Dakota, South 
Dakota and Nebraska, respectively. 
In North Dakota 11 sires qualified in Group I, 8 were placed in 
Group II and 7 sires dropped to Group III, but none placed any lower • . 
In South Dakota 11 sires again placed in Group I, 8 were found 
in Group II, 3 in Group III, 4 in Group IV, 2 in Group V and 1 dropped 
to Group VI. 
Nebraska, possessing the largest number of dairy cattle records 
of the three states, placed 27 sires in Group I, 14 in Group II, 
7 in Group III, 14 in Group IV, 3 in Group V and 1 in Group VI. 
It is again emphasized that Table 10, which lists all state sire 
rank, is composed of all records made in this three-state area. There-
fore, it is quite possible that a sire could appear in this rank with 
27 or less daughters without appearing in any of the individual state 
·rankings. This is possible by the requirements set down for the sire 
rank that a sire have ten daughter records in that state before he 
would be listed. For this reason a sire need not appear in a state 
sire rank before he would qualify for the all-state rank. 
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By pooling all records into one sire ra~ktng Table 10 was ob-
tained. · In this ranking 75 sires qualified for Group I, having 
d~ughters with +1500 lbs or more milk over their herdmates. Grcup II 
found 35 sires with daughters between 1000 to 1499 lbs more ~ilk than 
their herdmates. Group III had 23 sires with daughter differences of 
~00 to 999 lbs of milk over herdmates while daughters of 26 exceeded 
their herdmates less than 499 lbs and were placed in Group IV. The 
h.erdmates exceeded the daughters of 20 AI sires. Of these 20 sires 
11 were exceeded by less than 500 lbs and were put into Group V. 
The remaining 9 sires had a negative proving of 500 lbs or more and 
were designated as Group VI sires. 
Fat groupings were similar to the milk groupings except in 
cases of extremely high or low testing sires. Variation can be 
observed in each table. 
It is interesting to note in Table 10 that of those sires with 
25 or more daughter records, none are in the negative groupings. Also 
61.5% of all sires listed in Table IO h~ve daughter levels in excess 
of 1,000 lb of milk over herdmates. Only 11.2% of the sires decreased 
production. 
In grouping these sires by states, a number of sires appeared 
in similar ranking from state to state. There were 4 sires ranked in 
Group I in both North Dakota and South Dakota, while one sire was 
common to both South Dakota and Nebraska Group I sire rank. No 
sire appeared in all three state Group I ranking. One sire in Group 
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II was common to North Dakota and Nebraska. There were no other 
cases where the same sire repeated in the same group in more than one 
state. 
III. Method s of sire ranking 
This data showed very little information was gained by pooling 
records according to first versus second and later. Although slight 
changes were found i~ sire rank only one sire changed appreciably. 
This was a sire with six daughter records against a large number of 
herdmates as might have been expected. It might be the theory, in 
such cases where first daughter records are compared to mature 
herdmates, that the sire is at a disadvantage. This would be es-
pecially true if the sire's daughters are slower maturing than the 
average. However, this data does not support this theory to any 
great extent. 
In observing the respective milk and fat groupings, only one 
change was found, which in itself was just a borderline case. There-
fore no great changes of - any measure was found by handling the data 
on a po~led or non-pooled basis. 
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SUMMARY 
The genetic adva.ntage of artific1ally~sired progeny over their · 
n~turally-sired herdmates was studied for milk and fat yield. The 
contemporary comparison pr9cedure was used to determine this genetic 
improvement on an intra-herd-year-season basis. These herds were 
located within North Dakota, South Dakota and Nebraska. The study 
was composed of 6281 artificially-sired Holstein records compared to 
their 17,146 naturally sired herdmates in 1777 herds. Recor<:ls 
initiated from January, 1958 to January, 1965 were adjusted to a 
305-2X-ME basis. 
The contemporary comparison on first lactation records re-
vealed that highly ~ignificant differences existed in fat production 
in favor of the artificially-sired group with an advantage of 9 
lb. No significance was found in milk production though the AI 
daughter records exceeded the naturally-sired daughter records by 92 
lb. A further breakout by states found AI progeny superior in all 
but one of the comparisons. In the one exception, Nebraska naturally-
sired progeny excelled their AI herdmates by 48 lb of milk. This, 
however, was not found to be significant. 
The results of the conte_mporary comparison on later records 
found that highly significant differences of 164 lb of milk and 
13 of fat existed in favor of the AI progeny over their natural 
contemporaries. Similar results were o·btained where analyses 
by states were conducted. 
~-
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A sire rank, based on a non-pooled data, of all ·179 AI sires was 
construc~ed to study the transmitting ability of these sires for milk 
and fat production. A rank for the three-state area was obtained for 
, • 
all sires with five or more daughter records. By further separating 
the sire groups by states a rank of sires unique for each state was 
obtained. Sires were ranked accordi~g to deviation from herdmates iQ 
milk production. They were also put into six groups according to 
their deviation from herdmates in both milk and fat production. 
Approximately 61.5% of all AI sires listed exceeded their herdmates 
by at least 1,000 lb of milk while only 11.2% of the sire had negative 
production levels. 
A similar si~e rank was obtained based on pooled data for all 
three states. In comparing this rank with the previous three-state 
sire rank little difference was observed between the two. Only one 
sire of the 179 changed appreciably in rank. However, it did not 
change grouping. Another sire was the only one to change from one 
group to another. Therefore, no great difference was found by 
handling the data on a pooled or non-pooled basis~ 
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AI sires used in North Dakota with 10 or more daughters. Ranked according to a difference over 
herdmates in M.E. milk production 
GROUP I 
Sire Rank No. No. M.E. M.E. No. M.E. M.E. Milk Fat Fat 
regis- of Dtr. milk fat of milk fat diff. diff. group 
tration herds records herd-
number mates 
950648 1 3 11 13,875 508 78 9,716 356 4,159 152 I 
969897 2 3 12 14,365 525 · 98 12,174 462 2,191 63 I 
1167510 3 35 255 12,908 478 1690 10,868 394 2,039 83 I 
1280015 4 4 56 15,534 645 335 13,704 505 1,829 139 I 
989718 5 11 46 12,940 468 416 11,139 416 1,801 52 II 
1261140 6 21 53 13,122 488 417 11,344 419 1,777 68 I 
1117834 7 9 37 12,690 467 440 10,983 405 1,706 61 I 
878276 8 9 30 13,528 484 384 11,861 434 1,666 49 II 
1200702 9 25 109 11,963 445 907 10,371 381 1,592 64 I 
1163330 10 15 63 12,874 479 510 11,308 419 1,566 59 II 
969938 11 8 25 12,576 454 204 11,027 405 1,549 48 II 
GROUP II 
1198696 12 8 46 11,955 447 152 10,555 376 1,399 71 I 
984796 13 4 13 13,105 485 177 11,708 407 1,397 77 I 
1242338 14 8 12 12,941 475 99 11,903 420 1,337 55 II 
1214027 15 18 43 11,918 447 484 10,724 391 1,194 44 II 
1311429 16 8 16 11,600 422 177 10,550 395 1,050 27 III 
1242791 17 15 17 11,296 419 108 10,246 370 1,049 49 II 
1213880 18 8 40 11,980 433 192 10,969 401 l,Oll 31 II 
1010660 19 5 26 11,208 423 :146 10,197 371 1,010 51 II A 
TABLE 8 
AI sires used in South Dakota with 10 or more daughters. Sires ranked according to difference 
over herdmates in M.E. milk production. 
GROUP -I 
Sire Rank No. No. M.E. M.E. No. M.E. M.E. Milk Fat Fat 
regis- of Dtr. milk fat of milk fat diff. diff. group 
tration herds records herd-
number mates 
1144239 1 21 25 16,309 593 240 13,109 474 3,199 119 I 
1136905 2 22 65 14,106 478 398 11,866 411 2,240 67 I 
1280015 3 8 85 14,238 554 177 12,117 427 2,120 126 I 
1320304 4 7 17 14,032 482 75 11,981 411 2,050 70 I 
1132684 5 16 54 . 12,954 467 459 10,913 376 2,040 90 I 
1109640 6 5 22 14,541 520 147 12,638 446 1,902 73 I 
1261140 7 40 50 13,426 463 479 11,759 504 1,667 58 II 
1125597 8 5 24 13,939 480 101 12,289 439 1,649 40 II 
1274339 9 7 10 13,568 463 47 11,979 416 1,588 46 II 
1167510 10 27 191 13,160 465 1082 11,647 405 1,512 60 I 
950648 11 7 13 11,595 403 82 10,093 357 1,501 46 II 
---
- . .. 
GROUP II 
895361 12 4 17 13,572 449 101 12,205 424 1,367 24 III 
1174118 13 7 11 13,455 479 98 12,149 415 1,306 63 I 
1167511 14 5 19 12,856 458 340 11,669 425 1,186 32 ·II 
988958 15 12 · 60 12,849 457 434 11,694 416 1,155 41 II 
102 ·1453 16 6 10 14,524 539 - 138 13,376 501 1,147 38 II 
1092428 17 12 52 13,017 454 438 11~879 403 1,138 50 II 
1214152 18 7 36 13,301 458 122 12,166 409 1,135 48 n 
1200702 19 18 104 11,931 423 :661 10,918 377 1,013 46 II a:> 
TABLE 8. (Continued) 
GROUP III 
Sire Rank No. No. M. E. M.E. 
regis• of Dtr. milk fat 
tration herds records 
number 
1216957 20 7 14 13,892 508 
1214027 21 17 52 12,489 459 
1200082 22 5 19 1'3,232 457 
GROUP IV 
1160566 23 7 · 26 11,971 421 
1163330 24 6 14 11,174 395 
1234023 25 4 10 13,531 537 
1189470 26 7 31 12,307 451 
GROUP V 
1210078 27 10 18 12,683 454 
1223921 28 5 13 11,594 402 
GROUP VI 
1150470 29 6 19 12,303 435 
No. M.E. M.E. 
of milk fat 
herd-
mates 
71 13,110 476 
348 11,771 404 
108 12,608 446 
249 11,515 399 
203 10,755 372 
38 13,194 470 
171 12,157 417 
133 . 12,765 454 
75 11,918 412 
42 14,214 508 
Milk Fat 








-82 oo . 
-324 -10 
















AI sires used in Nebraska with 10 or more daughters. Sires ranked according to difference over 
herdmates in M.E. milk production. · 
GROUP I NON - POLLED su~~ARIES 
Sire Rank No. No. M.E. M.E. No. M.E. M. E. Milk Fat Fat 
regis- of Dtr. milk fat of milk fat diff. diff. group 
tration herds records herd-
number mates 
920201 1 1 11 14,799 520 10 8,314 342 6,465 178 I 
1333706 2 6 39 18,625 668 163 14,292 521 4,333 147 I 
1365058 3 4 26 15,416 482 71 11,180 426 4,~36 156 I 
1359626 4 l 26 15,675 588 116 12,859 471 2,815 117 I 
1011497 5 5 15 14,976 478 158 12,170 440 2,806 37 II 
1059887 6 ·32 143 14,918 531 1,430 12,252 438 2,665 93 I 
1011498 7 l 22 16,515 537 218 13,875 473 2,639 64 I 
842876 8 5 10 14,908 540 117 12,339 458 2,568 82 I 
984799 9 6 10 14,849 546 84 12,437 458 2,412 87 I 
1283313 10 4 14 12,608 431 197 10,205 362 2,403 68 I 
1024453 11 7 38 13,445 500 267 11,167 406 2,278 93 I 
1228368 12 33 134 15,575 577 774 13,300 475 2,272 102 I 
1000390 13 9 18 14,020 539 164 ll,851 443 2,168 95 I 
1213880 14 5 17 14,179 515 153 12,068 . 437 2,110 77 I 
967873 15 10 22 15,015 544 285 ·12,908 477 2,106 67 I 
1179372 16 24 8p 15,005 556 503 12,942 473 2,062 83 I 
1005575 17 36 14 13,138 468 141 11,118 412 2,020 56 II 
1144239 18 8 12 13,738 483 94 ll, 732 418 2,006 64 · 1 
1347065 19 10 30 15,678 545 233 . 13,770 496 1,908 49 II 
1347112 20 13 24 14,961 530 303 13,188 462 1,773 67 I 
1014754 21 . 30 215 14,087 530 1,431 12;,328 441 1,758 88 I 
1082864 22 4 17 13,453 456 461 11,770 414 1,682 42 II u, 
1114116 23 15 63 14,032 521 , 403 12,393 442 1,639 79 , I 0 
TABLE 9. (Continued) 
GROUP I 
Sire Rank No. No. M~E. M.E. 
regis- of Dtr. milk fat 
tration herds records 
number 
. 1322069 24 6 12 13,716 568 
1181029 25 10 22 14,058 541 
1033088 26 2 13 13,266 483 
1174718 27 31 206 13,902 -499 
GROUP II 
952029 28 · 3 -12 14,060 556 
1333705 29 2 49 16,311 657 
934492 30 14 64 13,463 452 
1140217 31 37 191 13,337 480 
1214152 32 10 28 13,854 505 
1238933 33 8 95 14,772 578 
1106445 34 3 55 15,416 589 
1200510 35 3 62 14,094 594 
1150470 36 14 60 14,253 516 
1216957 37 3 19 11,192 417 
1191921 38 5 16 13,950 513 
1331950 39 47 237 13,876 494 
1198696 40 8 46 12,996 519 
1183964 41 9 18 13,212 495 
No. M.E. M.E. 
of milk fat 
herd-
mates 
90 12,085 461 
168 12,436 455 
' 67 11,739 450 
1,312 _ 12,395 439 
129 12,587 476 
164 14,899 528 
838 12,071 426 
1,535 11,972 426 
204 12,497 457 
241 13,438 500 
204 14,151 541 
487 12,831 461 
475 12,995 472 
285 9,940 343 
82 12,702 458 
1,538 12,736 458 
151 11,927 440 
134 12,146 453 
NON - POLLED SUMMARIES 
Mil k Fat ·Fat 
diff. diff. - group 
1,631 106 I 
1,622 86 I 
1,526 32 II 
1,507 59 I 
1,473 80 I 
1,412 128 I 
1,392 26 III 
1,365 54 II 
1,357 48 I_I 
1,334 77 I 
1,265 48 II 
1,262 32 II 
1,257 44 ' II 
1,252 74 I 
1,139 36 II 
1,139 36 II 
1,069 79 I 
1,065 42 II 
{J1 
TABLE 9. (Continued) 
GROUP III NON - POLLED SU~MARIES 
Sire Rank No. No. M.E. M.E. No. M.E. M.E. Milk Fat ·Fat 
regis- of Dtr. milk fat of milk fat diff. diff. - group 
tration herds records herd-
number mates 
·1006142 42 17 46 13,144 475 581 12,167 437 977 38 II 
1224313 43 3 24 11,801 414 335 10,855 945 945 29 III 
1184848 44 1 10 10,968 402 190 10,046 347 921 55 II 
1004232 45 7 10 13,210 500 123 12,312 461 898 38 II 
1125792 46 16 65 13,267 482 694 14,544 443 723 38 II 
969938 47 2 13 11,772 445 55 11,148 405 623 39 II 
985034 48 7 28 12,424 462 193 11,861 431 562 31 II 
GROUP IV 
1215799 49 17 28 13,667 522 253 13,181 486 485 35 II 
886182 50 2 11 14,294 533 148 13,864 519 430 13 I_V 
1214100 51 27 104 13,123 479 875 12,734 453 388 26 III 
1162505 - 52 18 66 12,301 443 . 896 11,914 421 387 22 III 
977522 53 9 27 · 11,744 449 351 11,360 411 383 38 II 
1143527 54 3 11 12,086 419 122 11,733 434 353 -15 V 
934490 55 9 25 12,289 421 331 11,936 417 352 4 IV 
1341528 56 4 15 12,175 453 44 11,830 443 345 10 IV 
1268290 57 1 56 14,983 599 141 14,684 599 299 40 II 
1170910 58 2 18 10,181 380 285 9,897 344 283 35 II . 
1189317 59 3 36 12,477 475 111 12,321 459 125 15 III 
1235894 60 1 10 10,380 372 151 10,265 357 115 14 IV 
1074403 61 . 2 13 13,407 487 137 13,396 503 12 -16 VI 
1244847 62 4 10 11,435 409 88 11,434 417 l - 8 V 
TABLE 9. (Continued) 
GROUP V 
Sire Rank No. No. M.E. M.E. No. M.E. M.E. Milk Fat Fat 
regis- of Dtr. milk fat of milk fat diff. diff. .group 
tration herds records herd-
number mates 
1189470 63 19 64 12,314 470 497 12,348 452 - 34 24 III 
865323 64 6 22 12,396 468 175 12,520 463 -124 5 IV 
900274 65 3 11 12,464 474 59 ' 12,693 491 -229 -15 V 
GROUP VI 
1089424 66 3 12 11,554 A32 174 12,409 439 -855 00 IV 
TABLE 10 
All state rank of AI sires with 5 daughters or more, based on difference from herdmates in M~E. milk 
production including comparison of non-pooled versus pooled data in sire summar~es. 
NON-POOLED DATA POOLED DATA 
Regis- Rank No. No. M.E. M.E. No. M.E. M. E. Milk Fat Fat Rank Mi lk Fat Milk Fat 
tration of of milk fat of milk fat diff. diff.group diff. di ff.group group 
No. of herds daugh- herd-
sire te:rs ma t es 
Iecords z:ec oz:ds 
GROUP I 
920201 l 1 11 14,762 519 10 8,297 341 6465 178 ·r l 6461 178 I I 
1038509 2 3 5 17,171 607 . 34 12,694 459 4477 147 I 2 4477 147 I I 
1333706 3 6 39 18,620 668 163 14,291 521 4329 146 I 3 4323 147 I I 
1365058 4 5 27 15,610 583 78 11,400 430 4210 153 I 4 4213 153 I I 
1353294 5 4 9 15,374 563 48 11,304 399 4069 163 I 5 4071 163 I I 
1087974 6 l 7 16,861 595 93 13,548 503 3313 92 I 6 3393 115 · I I 
1320124 7 2 6 14,480 508 38 11,223 404 3256 104 I 7 3256 104 I I 
1313490 8 4 6 14,682 510 63 11,675 428 3007 82 I 8 3009 82 I I 
1259096 9 4 9 16,388 597 34 13,475 538 2912 59 II 9 2914 59 I I .I 
1350190 10 4 7 14,236 527 65 11 , 335 422 2901 104 I 10 2902 104 I I 
1008622 11 2 7 14,743 560 133 11,860 444 2883 116 I 11 2881 116 I I 
992858 12 3 6 11,205 409 22 ·8,386 306 2818 103 I 12 2819 103 I I 
1359626 13 1 26 15,668 588 116 12,858 470 2809 117 I 13 2813 117 I I 
1011497 14 5 15 14,964 477 158 12,169 440 2794 37 II 15+ 2794 37 I II 
1237747 15 7 12 14,012 526 97 11,220 400 2791 125 I 14+ 2795 125 I I 
950648 16 10 24 12,677 453 160 9,904 356 2772 96 I 16 2773 96 I I 
1056882 17 8 17 13,400 458 282 10,632 378 2768 80 I 17 2765 80 I I 
1059887 18 32 143 14,916 531 1430 12,252 438 2664 93 I 18 2664 93 I I 
1011498 19 1 22 16,506 536 218 13,874 473 2631 63 . I 19 2630 63 I I 
1199324 20 4 8 14,725 524 80 12,099 428 2625 ·96 I 20 2627 96 I I 
+ change in rank U1 .b 
* chang~ in grouping 
TABLE 10. {Continued) 
NQ~-EQQLEQ ·D8I8 PQQLE I2 !28 I8 
Regis- Rank No. No. M.E. M.E. No. M.E. M.E. Milk Fat Fat Rank Milk Fat Milk Fat 
tration of of milk fat of milk fat diff. diff.group diff. diff. group group 
No. of herds daugh- herd-
sire ters mates 
records :cecc:r.:ds 
1144239 21 19 39 15,459 559 358 12,854 461 2604 97 I 21 2604 97 I I 
1189870 22 4 7 14,661 553 . 48 12,079 431 2581 122 I 22 2582 122 I I 
1119514 23 3 10 13,698 465 150 11,144 403 2554 62 I 23 2555 62 I I 
842876 24 5 10 14,890 539 117 12,338 458 2551 81 I 24 2554 81 I I 
1283313 25 6 ' 20 12,703 435 236 10,239 362 2464 73 I 25 2464 73 I I 
1320304 26 13 26 13,702 474 139 11,298 399 2404 75 I 26 2405 75 I I 
1228368 27 33 . 134 15,572 577 774 13,300 ~75 2271 102 I 27 2271 102 I I 
1111075 28 2 5 13,928 491 92 11,687 432 2241 59 II 28 2241 60 I I* 
1311429 29 13 23 13,121 458 237 10,880 398 2240 60 I 29 2239 60 I I 
1084009 30 2 6 13,521 442 · 42 11,282 413 2239 28 III 31+ 2236 28 I III 
1179372 31 28 90 14,966 552 568 12,728 462 2237 90 I 30+ 2238 90 I I 
969897 32 3 12 14,397 526 98 12,177 462 2219 64 I 32 2217 64 I 
1000390 33 5 18 14,009 538 164 ll,850 443 2159 95 I 33 2099 99 I I 
967873 34 10 22 15,006 544 285 12,908 477 2098 66 I 33+ 2099 66 I I 
1302331 35 2 5 14,576 515 73 12,498 464 2077 50 II 35 2077 50 I II 
1322069 36 12 21 14,081 548 251 12,056 437 2025 111 I 36 2027 111 I I 
1249430 37 5 10 14,345 533 23 · 12,324 451 2021 81 I 37 2021 81 I I 
1005575 38 6 14 13,124 467 141 11,117 412 2007 55 II 38 2010 55 I II 
1263983 39 8 13 13,254 518 112 11,296 424 1957 94 I 39 1960 94 I I 
1216957 40 12 35 12,579 461 368 10,630 371 1948 89 I 40 1950 89 I I 
1359770 41 7 12 15,377 544 120 13,439 488 1938 56 II 41 1938 56 I II 
984799 42 7 13 14,885 560 99 12,950 472 1934 88 I 42 1934 87 I I 
+. change in rank 0, (J1 
* change in .grouping 
TABLE 10. {Continued) 
NON-EQQLED DAI~ EOQI ED DA_I~ 
Regis- Rank No. No. M.E. · M.E. No. M.E. M. E. Milk Fat Fat Rank Milk Fat Milk . Fat 
tration of of milk fat of milk fat di ff. dif f. group diff. diff. group group 
No. of herds daugh- herd-
sire ters mates 
teco:x:ds :ceco:cds 
GROUP I 
1347065 43 10 30 15,672 545 233 13,770 496 1902 49 II 43 1901 49 I . II 
1167510 44 63 450 13,023 473 · 2826 11,157 398 1865 75 I 44 1862 75 I I 
1024453 45 15 55 13,749 506 484 11,888 434 1861 72 I 44+ 1862 72 I I · 
1109640 46 6 25 15,055 536 191 13,236 477 1818 58 II 46 1818 58 I II 
1347112 47 13 24 14,933 529 303 13,187 462 1766 67 I 49+ 1766 67 I I 
1014754 48 30 215 14,086 530 1431 12,328 441 1758 88 I 48+ 1794 89 I I 
1184848 49 2'. 13 12,265 435 246 10,510 364 1755 71 I 50+ 1756 70 I I 
1244845 50 11 26 13,724 499 173 11,971 442 1752 57 II 51+ 1752 57 I II 
844122 51 3 5 13,210 441 93 11,496 421 1713 20 III 52+ 1714 20 I · III 
· 1305460 52 2 8 14,634 522 77 12,935 487 1698 35 II 53+ 1700 35 I II 
1181029 53 13 28 14,309 551 201 12,622 464 1687 86 I 54+ 1689 86 I I 
1082864 54 4 17 13,442 456 461 11,770 414 1671 41 II 55+ 1670 41 I II 
1324959 55 6 12 14,352 .507 134 12,697 446 1655 60 I 56+ 1656 60 I I 
1125597 56 5 24 13,934 481 101 12,288 439 1646 41 II 57+ 1645 40 ·r II 
1114116 57 15 63 14,029 521 703 12,393 441 1636 79 I 58+ 1637 79 I I 
1228346 58 2 8 14,211 500 112 12,576 456 1634 41 II 59+ 1633 41 I II 
1242338 59 10 16 13,006 485 172 11,375 414 1630 70 I 60+ 1632 70 I I 
1261140 60 42 103 13,185 481 896 11,564 412 1621 69 I 61+ 1623 65 I I 
1280015 61 12 141 14,774 591 512 13,159 478 1615 112 I 62+ 1614 112 I I 
1237057 62 6 6 14,128 541 93 12,516 456 1612 84 I 63+ 1612 84 I I 
1263007 63 2 6 14,095 527 116 12,496 456 1599 70 I 47+ 1810 72 I I 
+ change in rank u, 
* change in grouping Q\ 
TABLE 10. (Continued) 
NQN-EQOLED DAI~ 
Regis- Rank No. No. M.E. M.E. No. M.E. M.E. Milk Fat Fat 
tration of of milk fat of milk fat diff. diff.group 
No. of herds daugh- herd-
sire ters mates 
:cecoids IeCOidS 
1179373 64 5 9 13,111 469 162 11,515 411 1595 57 II 
1190632 65 7 9 13,289 454 133 11,704 421 1584 32 II 
1117834 66 13 47 12,678 467 536 11,109 406 1568 60 I 
989718 67 12 52 12,716 460 442 11,152 415 1564 44 II 
878276 68 10 35 13,314 472 525 11,771 424 1542 47 II 
1274339 69 15 19 13,052 485 129 11,516 408 1535 50 II 
1268689 70 4 8 13,013 415 37 11,484 403 1529 11 IV 
1136905 71 36 121 13,025 451 784 11,496 407 1528 44 II 
1190151 72 5 9 14,020 504 81 12,496 472 1523 32 II 
1033088 73 2 13 13,251 482 67 11,737 450 1514 31 II 
1174718 74 31 206 13,901 · 499 1312 12,395 439 1506 59 II 
1197956 74 2 6 13,870 492 100 12,363 449 1506 43 II 
+ change in rank 
* change in grouping 
EQQI ED D8IA 
Rank Milk Fat Milk .Fat 
diff. diff.group . group 
64 1597 57 I II 
65 1586 32 I II 
66 1570 61 I I 
67 1563 44 I II 
68 1541 48 I I 
69 1535 50 I II 
70 1530 11 I IV 
70+ 1530 40 I II 
72 1528 32 I -I I 
73 1521 31 I II 
75 1505 59 I ·II 




TABLE 10. {Continued) 
NON-POOLED DATA POOLED DATA 
Regis Rank No. No. M.E. M.E. No. M.E. M. E. Milk Fat Fat Rank Milk Fat Milk F_at 
tration of of milk fat of milk fat di ff. diff. group diff. diff.group _group 
No. of herds daugh- herd-
sire ters mates 
:t:e~QIQS ;r.:e~QrQS 
GROUP II 
952029 76 3 12 14,044 556 129 12,585 476 1459 79 I 76 1462 79 II I 
880210 77 2 6 12,631 484 80 11,194 442 1437 42 II 77 1438 42 II II 
984796 78 4 13 13,135 485 177 11,710 407 1424 77 I 78 1426 78 II I 
1094921 78 4 8 12,031 436 169 10,606 378 1424 5,8 Il 79+ 1425 58 II II 
1333705 80 2 49 16,307 657 164 14,898 528 1409 128 I 81+ 1406 129 II I 
1163330 81 21 77 12,560 463 713 11,151 405 1408 57 II 80+ 1410 58 II II 
934492 82 14 64 13,460 452 838 12,071 426 1389 26 III 82 1388 26 II III 
1200702 83 47 222 12,064 438 1627 10,687 383 1377 55 II 83 1366 55 II II 
1140217 84 37 191 13,336 480 1535 11,971 426 1364 54 II 85+ 1364 54 . II - II 
895361 85 4 17 13,566 450 101 12,204 124 1362 25 III 84+ 1366 25 II III 
1238933 86 8 95 14,770 578 _ 241 13,437 500 1333 77 I 86 1329 77 II I 
1167511 87 13 53 13,952 534 723 12,659 468 1292 65 I 87 1292 65 II I 
1106455 88 3 55 15,413 589 204 14,150 541 1262 47 II 89+ 1256 47 II II 
1200510 89 3 62 14,091 494 487 12,831 461 1260 32 II 88+ 1261 32 II ,II 
1090996 90 1 8 13,116 467 118 11,865 429 1250 - 37 II 90 1252 37 II II 
969938 91 10 38 12,302 451 259 11,054 405 1248 45 II 91 1250 45 II II 
1183964 92 11 23 13,129 475 173 11,937 438 1192 37 II 99+ 1161 40 II II 
1213880 93 21 66 12,490 451 430 11,298 409 1191 42 II 92+ 1193 43 - II II 
1214152 94 17 64 13,560 479 326 12,376 439 1183 40 II 93+ 1182 40 II II 
949159 95 3 5 13,200 442 42 12,021 432 1178 10 IV 94+ 1179 10 II IV 
1046969 96 5 9 12,950 447 116 11,775 419 1174 27 III 95+ 1174 28 II III 
+ change in rank 
* change in grouping (JI 0) 
TABLE 10. (Continued) 
~QN-EQQLEO ~IA EQQLED DAIA 
Regis- Rank No. No. M.E. M.E. No. M.E. M.E. Milk Fat Fat Rank Milk Fat Milk Fat 
tration of of milk fat of milk fat diff. diff.group diff. diff.group gr~up 
No. of herds daugh- herd-
sire ters mates 
IeCOidS :cec.oids 
GROUP II 
1298430 97 5 8 13,484 489 103 12,313 446 1171 43 II 96+ 1172 43 II II 
1191921 98 9 25 13,416 487 173 12,247 430 ·1168 57 II 97+ 1170 57 II II 
1132684 . 99 53 305 11,917 451 1906 10,751 388 . 1166 62 I 98+ 1167 62 II I 
1224313 100 5 26 12,037 . 427 353 ~0,891 388 1146 39 Il 100 1146 39 II II 
1318021 101 5 7 12,728 474 33 11,587 413 1141 60 I 101 1141 60 II I 
1331950 102 47 237 13,875 494 1538 12,736 458 1138 36 II 105+ 1088 33 II II 
1198696 103 18 96 12,463 483 383 11,348 413 1115 69 I 102+ 1112 69 II I 
1010660 104 7 29 11,27.0 425 168 10,171 371 1098 53 II 103+ 1098 53 II II 
1222048 105 13 45 12,404 475 364 11,308 410 1096 65 I 104+ 1097 65 II I 
988958 106 14 66 12,842 458 472 11,761 420 1080 38 II 106 1080 37 II II 
1214027 107 35 95 12,233 454 832 11,163 396 1070 57 II 107 1070 57 II II 
1242791 108 5 17 11,319 419 108 10,249 370 1069 49 II 108 1067 49 II II 
1215799 109 19 34 14,233 541 279 13,169 487 1064 53 II 109 1065 53 II n · 
1174118 110 21 46 11,940 443 520 10,931 393 1009 50 II 110 1010 50 II II 
GROUP III 
1092428 111 35 142 12,028 438 1163 11,037 391 991 47 II 112+ 990 47 III II 
1126307 111 l 9 13,147 504 81 12,155 448 991 55 II 111 992 56 III II 
1006142 113 17 46 13,140 475 581 12,167 437 973 38 II 113 973 38 III n 
+ change in rank 
* change in grouping 
(J1 
'° 
TABLE 10. (Continued) 
NQN-EQQI ED D8I8 eon1 ED I28IA 
Regis- Rank No. No. M.E. M.E. No. M.E. M.E .. Milk Fat Fat Rank Milk Fat Milk -Fat 
tration- of of milk fat of milk fat diff. diff.group diff. diff. group group 
No. of herds daugh- herd-
sire ters mates 
:r:ecc:cds :ceccids 
GROUP III 
969667 114 3 6 13,665 479 73 12,741 451 924 27 III 114 926 27 III III 
1004232 115 8 12 13,587 512 . 159 . 12,709 469 877 43 II 115 880 -~3 III II 
1012593 116 4 8 13,022 473 62 12,168 443 854 30 II 116 852 31 III II 
922498 117 4 7 13,626 465 131 12,808 448 818 . 16 II! 117 820 16 III III 
1064113 118 7 23 11,344 382 226 10,527 372 817 10 IV 118 816 10 III IV 
1200082 119 7 29 13,451 473 154 12,635 456 815 17 III 119 811 16 III III 
1250992 120 7 11 14,287 545 102 13,492 500 795 44 II 121+ 793 44 III II 
1235097 121 9 12 13,414 466 106 12,650 466 764 00 -IV 122+ 765 00 III IV 
1150470 122 20 89 13,839 499 517 13,100 475 739 24 III 123+ 740 23 ·III III 
1125792 123 17 67 13,301 485 759 12,571 447 729 37 II 124+ 731 37 III II 
1331428 124 l 6 13,061 497 16 12,355 502 706 -5 V 126+ 705 -6 III ·IV 
1380945 125 3 7 14,252 519 49 13,548 525 704 -6 V 125+ 711 -6 III IV . 
- 1202814 126 2 6 13,020 482 84 12,318 445 701 36 II 127+ 703 36 III II 
-1230109 127 3 5 11,976 445 .33 11,284 405 691 40 II 120+ 797 37 III II 
1205994 128 2 6 14,565 498 60 13,903 508 662 -10 V 128 659 -9 III IV 
985034 129 7 28 12,417 462 193 11,860 431 556 30 II 129 5~4 31 III II 
1242667 130 3 8 13,150 466 54 12,606 444 543 21 III . 130 544 21 III III 
1125395 131 3 8 11,316 401 185 10,788 384 528 16 III 131 532 16 III III 
1024596 132 l 6 15,181 . 627 135 14,655 .566 526 61 I 132 523 62 III I 
. 1320305 133 3 5 12,786 465 30 12,270 _ 416 515 48 II 133 519 48 III II 
+ cha.nge in rank 
* change in grouping °' 0 
. TABLE 10. (Continued) 
NON-POOLED DAI8 PQOLEO OAIA 
Regis- Rank No. No. M.E. M.E. No. M.E. M.E. Milk Fat Fat Rank Mil.k Fat Milk Fat 
tration of of milk fat of · milk fat di ff. di ff. gr OU p diff. cliff.group group 
No. of herds daugh- herd-
sire ters mates 
:ceco:cds IeCOidS 
GROUP IV 
1272746 134 5 7 11,300 423 71 10,818 -381 , 481 42 II 134 481 42 IV II 
1298378 135 4 9 10,651 379 60 10,196 349 454 30 II 135 456 30 IV II 
1160566 · 136 8 29 11,952 422 291 11,518 405 434 17 III 136 436 17 IV III 
886182 137 2 11 14,277 ' 532 148 13,862 519 414 12 IV 137 419 12 IV IV 
1216909 138 5 11 11,473 407 207 11,065 395 408 11 IV 138 408 11 IV IV 
1217100 139 27 104 13,121 479 875 12,734 453 387 26 III 142+ 355 24 IV III 
1162505 140 18 66 12,298 443 896 11,914 421 384 22 III 139+ 385 22 IV III 
977522 141 9 27 11,737 449 351 11,360 411 376 38 II 140+ 377 38 IV II 
1240638 142 3 8 12,812 486 58 12,437 437 375 48 II 141+ 373 48 ·Iv II 
1235894 143 2 11 10,636 379 154 10,287 358 348 20 III 143 350 20 IV II 
943799 144 1 5 11,765 451 . 28 11,419 427 345 24 III 145+ 34L1 24 IV III 
934490 145 9 25 12,281 421 331 11,936 417 344 3 IV 144+ 347 3 IV IV. 
1143527 146 3 11 12,069 418 122 11,731 434 337 10 IV 147+ 335 10 IV IV 
1341528 147 4 15 12,162 452 44 ll,826 443 336 9 IV 146+ 336 8 IV IV 
1170910 148 3 19 10,329 387 292 9,998 348 330 38 II 149+ 326 37 IV II 
1234023 149 4 10 13,521 538 38 13,191 470 329 67 I 148+ 331 68 IV I 
1210078 150 14 25 12,453 459 182 12,759 456 300 2 IV 150 300 2 IV IV 
1268290 151 1 56 14,980 599 141 14,683 . 559 296 40 II 151 287 41 IV IV 
1240549 152 3 7 12,897 488 51 12,637 463 259 24 III 152 263 24 IV III 
1235150 153 3 5 11,621 · 424 35 11,465 410 156 14 IV 153 159 14 IV IV 
1189317 154 3 36 12,441 475 111 12,319 459 121 15 III 154 125 15 IV III 
+ change in rank 
-)E- change in grouping 0\ .... 
TABLE 10. (Continued) 
NQtr- EQQLED CAIA 
Regis- Rank No. No. M.E. M.E. No. M.E. M.E. Milk Fat Fat 
tration of of milk fat of milk fat diff.diff. group 
No. of herds daugh- herd-
sire ters mates 
x:ec c:cds :tecctds 
GROUP IV 
997481 155 3 10 12,402 458 192 12,294 458 107 00 IV 
959466 156 2 6 11,711 478 67 11,638 439 72 38 II 
1189470 157 26 95 12,310 468 668 · 12,300 443 9 25 III 
969669 158 5 6 14,420 440 90 11,411 417 8 23 III 
1074403 159 2 13 13,393 486 137 13,393 503 00 -18 VI 
GROUP V 
1300578 160 3 5 13,383 478 65 13,389 491 -6 -13 V 
1233005 161 7 10 12,242 457 90 12,272 446 -30 10 IV 
1258673 162 9 10 ·12,213 466 111 12,257 437 ..:44 28 III 
1236350 163 3 8 12,751 438 41 12,804 415 -53 23 III 
865323 164 6 22 12,387 468 175 12,519 463 -132 4 IV 
1192789 165 3 10 10,683 406 182 10,847 386 -163 19 III 
900274 166 3 11 12,446 - 473 59 12,690 491 -245 -18 VI 
1223921 167 6 16 11,722 421 85 12,091 426 -369 -5 V 
1089774 168 4 14 11,968 449 173 12,383 438 -415 10 IV 
1298858 169 1 5 11,146 440 56 11,574 446 -428 -6 V 
812518 170 1 5 11,796 439 70 12,244 466 -447 -27 VI 
+ change in rank 
* change ~n grouping 
EQQLEU OAIA 
Rank Milk Fat Milk Fat 
diff. diff. group group 
155 105 00 · IV IV 
156 73 38 IV II 
151 10 24 rv· III 
158 9 23 IV III 
159 2 -17 IV VI 
160 -5 -13 V V 
161 -29 -10 V IV 
162 -43 28 V III 
163 -53 23 V III· 
164 -134 4 V IV 
165 -243 19 V III 
166 -243 -19 V VI 
167 -368 -6 V V 
168 -415 10 V IV 
169 -420 -7 V V 
170 -447 -26 V VI 
0' 
I\) 
TABLE 10. (Continued) 
~OcI- 1200! ED n8 TA 
Regis- Rank No. No. M.E. M.E. No. M.E. M. E. Milk Fat Fat 
tration of of milk fat of milk fat diff. diff.group 
No. of herds daugh- he!'d-
sire ters mates 
:cec o:z:d :r:eco:rd 
GROUP VI 
895909 171 2 8 13,974 501 145 14,510 548 -536 -47 VI 
1315879 172 1 5 11,301 445 2 U,966 467 -665 -22 VI 
824340 173 2 6 10,030 390 52 10,891 3S7 -861 2 IV 
1179895 174 2 8 12,726 . 454 23 13,590 529 -864 -7,5 vr 
1264447 175 4 8 11,643 429 62 12 , 538 445 -895 -16 VI 
1335787 176 3 7 13,208 449 24 14,204 488 -996 -39 VI 
1192713 177 2 5 12,245 475 29 13,406 483 -1161 -8 V 
1304384 178 1 ·5 8,413 331 5 9,709 349 -1296 -18 VI 
1158029 179 2 6 12,250 470 33 14,147 524 -1897 -54 VI 
+ change in rank 
* change in grouping 
EOOIED D~I~ 
Rank Milk Fat 
diff. diff. 
171 -538 -46 
172 -665 -22 
173 -861 2 
174 -869 -76 
175 -891 -16 
176 -995 -39 
177 -1157 -8 
178 -1296 -18 











































Format for USDA 1095 (card) lactation records 
Data 
State code 
County or association code 
Type of testing code (1) 
Herd code 
Cow identification numbers (2) 
Breed of cow (3) 
Sire identification number (4) 
Breed of sire (5) 
Dam identification number (6) 
Breed of dam (5) 
Date of birth (month-day-year) (7) 
Correction code (8) 
Date of freshening (9) 
64 
11-punch if record began with abortion (10) 
Days in previously dry period -units of 10~ 
Days carried calf -units of 10-
Days milked 3 times -units of 10- (11) 
Days in milk 
Actual milk yield -units of 10-
Actual fat yield overflow -11 punch- (12) 
Actual fat yield 
Conditions effecting records (13) 
Body weight -units of !O-
x-punch -11 punch- (14) 
Feed index 
x-punch -11 punch- if overflow in , feed index 
Actual solids-not-fat yield 
Actual ~rotein yield 
*Punch with zeros if data not available. 





EXPLANATION OF TABLE. 
Standard DHIA, single herd and owner 





( 2) The 2 high-order positions of U. S. eartag numbers must contain 
a· state code. Canadian eartag numbers have "02" in high-order · 
positions. Canadian or other foreign registry numbers have "01" 
in 2 high-order positions. 
{ 3) Breed of cow should agree with sire's breed if known. 
{ 4) All registered animals must have sire and dam reported. 
See {2) for registered animals. 
( 5) Breed of sire and dam must be zero if identification of the 
respective parent is unkno~n. 
{ 6) Dam number must b~ zero for grade cows which have only a 
private herd number. 
See (4) for registereo animals 
See (2) for eartag number 
( 7) Month, day, and year must be reported for registered cows. 
( 8) Use 12-punch for identification correction of a previously 
reported record fo~ the cow. 
Use 11-punch for lactation data correction of a previously 
reported record for the cow. 
( 9) Complete date is required fer registered cows and desired for 
all cows. USDA Program will accept zero days for grade cows. 
(10) USDA discards lactation records containing an x-punch in 
column 50. 
(11) Record zeros if all 2x milking. 
(12) Example: 1001 lbs of fat is recorded as 001 in columns 64-66 
with 11-punch or x-punch in column 64. 
. 
66 
(13) Conditions affecting records codes: 
c·ode Interpretation 
zero Dry or 305~day record, no adverse condition 
1- Estimated record 
2 Sold for dairy purposes 
3 Died or sold 
4 Injury 
5 Mas ti tis 
6 Ketosis 
7 Other sickness 
8 Record terminated by abortion 
9 Nurse cow 






























Forma t of corrected individual lactation cards 
Data 
State code 
County or association code 
Type of testing code 
Herd code 
Cow identification number 
· Breed of cow 
Sire identification number 
Breed of sire 
Dam identification number 
Breed of dam 
Date of birth 
Correction code 
Date of freshening 
Days in milk 
67 
305 d 2x M. E. milk field - units of 10 -
305 d 2x M. E. fat yield 
If AI progeny punch 5 
Age of cow in months 
Days in previous dry period 
Days carried calf - units of 10 -
Body weight - units of 10 -
Identification of format 
Feed index 
x-punch-feed index overflow 
Actual SNF 
Season of freshening 
AI or nature progeny (1) 
If natural progeny punch 0 
STATISTICAL ANALYSIS 
Analysis of the contempor"ary comparisons was made by the 












= rnein performance of artificially sired daughters 
in . the· i th conter.1por ary group. 
= mean performance of naturally sired daughters in 
the i th contemporary group. 
= number of individuals in v1i 
= number of individuals in Y2i 
= Ali - A2i = the weighting factor 
Ali + A2i contemporary group. 
= number of contemporary comparisons 
for each 
= w.d. 
l l = WD = the mean weighted difference and as 
W• l D indicated W = wi 
Where J. is the variance of individual lactation records. 
Therefore, the variance of 
w-d· w.2 2 l l = = w· 1 er 1 2 w. w2 w2 l w2 0 
Then the variance of 
D = wet 2 = a-7 w 
68 
An estimate (s2 ) of the variance of individual records can be 
obtained as follows: 
s2 = N 
(N-l)W 
Thus, the estimated variance of Dis: 
2 = 52 = N . 
()[) W (N-1 )w2 
69 
